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2003-350075 A ^- v : 1/E 



jt7 r?^-^^^ < * * l^»^P»s i «J &*§?&IIP&NA£fcoGR 

IdUBII-OGR I NV>XO«rtlHNA2J: *> ftWPBNAl«>*-«>G R I N V ^X 

W**4©tt*«flfc*v>-t\ *7T^OiP* (NAf) , ^-©GRINVVXOII 
□ t (Ml) , ^GRINW/X«M (NA2) X^jtW^MP* (NAs) 
NA f ^NA2<NA s ^NAl 

^5S?xl±5 0^SBn B nl*^v>T, tTME*-© G R I N 1/>X<Z>HP*HA1*« 0 . 4 3 

+&mo*9x*mtim* no. u>x i a 1 , ««K^it« Ltuti 

Zl= (no*d 1/NAl) arctan(dl/(NAl*L)) 

»a«»*n5Xl(T 7 ir l J21T-C* * . fio^ft < fe^GR I NWXtt^m 



ffliE# 2004-3112350 



2003-350075 



^--7: 1/ 



Mo« 3 ?*6*^0, Lv^nT.IU^ *T^JMM**±l 

ftoTf _ % -K*7r^ tew***"*** «r^a**«fiTi-*. 

£*U©W«*»fti-*fc*K. RttttO**«W^>ff graded 

IndexVVX, ttT, TGRINV^Xj fc*-*-. ) 4W«v>6^i. GRINV 

^#^|RlOjS*f^* n (r) »± 
n (r) =no ( 1 - (1/2) (gr) 2 ) 

(Hl).titn (r) tt^60HrO««)WW : ^2l2S^?* 

©fltf*. gliGRINV *»i-3»"C* * • - <»? 

iff (Mtt*t**»> »****^**;«?75^ f 

£^^flS«>n«*«Hfc-*-**:»C, GI (Graded-Index) ^77^^*VVXhL 

ttiiE# 2004-3112350 



2003-350075 



2/ 



"kSK-eft*. t*U £«>«HK Gi*7T^o»Af " 

[§Sritl] #S4m»3 9 1 0 6 7 7-t<&m 
MHfcfc«t2] SfcSftlMM 7 0 1 0 1 l-^&ft 
[#^m3 ] *®#ir^ 5 3 8 4 8 7 4-£&# 
MHfcfcHU ] #M¥ 8- 2 9 2 3 4 1 

* Q Mufti*. ? t^^grinv v f "2*S^iX2S5if Utt 

&%<DiE&®&* mummer ical Aperture (J^T. rNAj kBfr-fo ) fc* « * * 

at****. c©iHGRiNw/xm«^i. **>±, 
mmwx® viz®*, «flE±#L»«»*««K-r * - t«o *fjf 

Jfi&Ttetf^ffifcfa-t"*"* kV>^7C§*^ 'J * h****o 

St **U v*k » k ^3-4 d b watt****** ^ * ^T* 

tSTkifi. ) ^7T^^ (ceZSMft-HnfttNAf . ) *** 
7K«U4, n7-^»^a±i:^^-^7T^A fcX»*ft 

g§OZ*«Wttt^*i*77-f^ (G SI?? V:/ f 

mU s &2 004-3112350 



2003-350075 — ^ : 3/ 



<D& * & ft v> {± * ©=JMMB«f * *"* ft =** * 7 ^ ( G * 1 

N *>X K«Si-ft. ) ***Lfc%«re**« -***^ T -lliiix v 

^ t M P4 ft o * ft *»*JM^*£^=* + 
! So*y*-JU«A , Ctt©Jllv»GRINl/vXft**7T-f^kV-**v*-^ta 

L^T'f j*$k&M&"?%> ft o 

r -f *|ft4«Att* G R I NV^JOWM^ 

!k+*£fc%ei/yX^«*i-*v>^**o Bi «gr inv>x©»wb^ a-fi - 

3SHftfc-c*>K ■P«kO**4«^Mi«Wfc* , It* , ^^*lt*^ |P»0***GRI 

£ « ****** GRINW/Xrt P«^8 ** - t ft . ft ft • 

OHPftttO. 4SW*6, GRINV>XoBPlk*0. 4 3 U± 

1"**7 r 4 G R I N ^XttftWWMfc* 15X10 K WT"* 

c k-e, r 4 /t < tr-7 - k«» ft * ? » * 

BiiE#2 004-3112350 
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^-y. 4/ 



£14, fl&JfeOJ:^*^ ^^tfeft^^CfflCVD (Chemical , _ 

Vapor Deposition) *TI*#«K:»LV*. f * ^ft*tt**L*G R INWX tt 7 

fec^ron-Lett., 13(1977)170-171) #»**fCV>*#, ** La ±^*»i£*l*2? 
v*SV«7JU3*fK (Si(0R)4 (R:7****> ) ******* T*a-**«K 

«• * ^ tt * * W» U - © * * * * * ^ £ £;* 

-5c*">y*3{r9^W®«f**. ^<^^^Lorentz-LorenzOtt-^*fflv>-C^rIL 
/-fctfc, GR I NVyXroilttMMtii tt, Si02-Bi 2 0 3 . -I112O3. -Y 2 
-La 2 0 3 , -Ga 3 0 2 , -SbsOa, -Gd30 2 , -Nb 2 0s, -Sn0 2 , -^1^ -TiOa ZX> 

ilofcwL**^ Si0 2 -Sb 2 0 3 . Si0 2 -Ta20 5 . Si0 2 -Ti 2 0 3 &tfSifc -ZrtoJ^ 
W^1«WC*^ **LWTa : lOmolX, Ti : 12mol%* mi 

tNAl^-<0GRlNW^MeU^tW^a77^Wn»t^ 

& o 

*»£i*7 7 4><*«a*** n-oGR INVvX«o«l«*»*«lc»|R|fCB 

ffliE# 2004-3112350 
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^-v: 5/ 



JM|**S<Tft* (IBPlk^*v^GRINV>Xrt*^LrAtr*Ott^a»* 
ft<4»K GRINW^X*&»TV*<*©BJM****<**) ^ GRIN 

) , (NAD , »r©GRINl/>X0W* (NA2) Rl> 

**®OBBOSfc (NAs) 

NA f ^NA2<NA s *SNA1 , .^^n^-iz 

^i<*7 7^^IAt4 0 If =0. 15. NAs =0. 43^ 

(*j«6) 2 *fc*»Wtt. ff|S^4Xli5^^n D a ^^v>-C ^i^J^ f R 1 N 

7 f 4 »E*ft 4 ~ 6 ov»r*L*»o»-»ft fc*v^ 1MB ,ft -© 

GRINV>X^Z1^ +^«0« r 9^©iB«f^*no. W^Xl^^dl^ 
«, k O EEBt * L k L k § s 
Zl= ( n o * d 1 /NA1) arctan(d 1 / (NA1*L) ) 
tiilt i i k t«t 1 4*7 r /<tt^Sfl-e*4. 

zL°(°n 2 o*dl/NAl) arctan(dl/(NAl*D) kf* G J J ? !£* £*J 

°*ft<u ®.fr2.i:&z&<-fz>zttfx^2>o 

ft * 5#' Ot » **© JtfrHH ©*i/4©ft * * * v* tt * 
: k -r a *-7 r >f /*«f#»fl*c* ^ o 



Hfr£*£# 7 r J; o T *-OGRINV>XKtt*-«>GRINl'^6 sp^f 
xKl »-OGRINVVX©ft*Z2^ «frr**««>IWf»»»*l/4«>«** 

^il, iZOGR I N^XO«3»tt»-OGR I NV^XU 

tiiSE# 2004-3112350 



2003-350075 ^ 6/ 

-2) o 

gr in vvXliV^A^Ic a 9ft*s^£««tt**7^^«*-e* 

* i- r^GRINV > Xtt »*!WM**15Xl<r 1 ttT k 1" * " ^ 
^-(OGRINl/>Xl«»«' : ^ t ^ j§T *^° 

i o ) 8 * imb** i ~ 9 »v>r *l m v» ^ 
-oSm-*- k*7 r -f t *mwt-tz>ity r 4 twit* a** Jo *** 

7r^;^#) ti 1 2 5 mSlt^Jo 
[I&IKO**] 

* kv»d ********* • 

As^^in^^M^-OGRINVvXHc:^ 

^ no> ^f#HUU »-OGRINWXlftOjl«*«**< ^ * 
COGR I N V>X 1 <7>ft£Zl£> 

Zl= (no*dl/NAl) arctan(dl/(NAl*L)) (D _^ J-t - f4 -- „, v 

SuW»i:^ 0 <&U ^l/-f«^GRINVVXl^dl 

NAl^NAs (2) 

dUV ( (1/NAs-l/NAl) /NA1) 1/2 (3) 

..dTAott) •U/2)fc*9 (2) GR 
I NV>X 1 KXM Lfc#»*% GRIN^Xl ©fliCi^^ - fc ^« v '° 

10 0 3 1 ] 

tB|E# 2004-3112350 



JfM. 2003-350075 ^ *- 9 J : 7/ 

Wz. z. <n x i & * Mfojty 7 4 * 4 t m * *) i> **** &na 

W p«HA2 0»r0GRINV>X2»clR>)aS*t*fcJe>Ktt, i-OGRINV/Xfc 

* - O G R I N V V Xfi 036«*llSSri < t ... 
(NAf/NA2) * (d2/dl) ^NAs ( (L/dl) 2 NA1+1/NA1) (5 ) 

#(1, L/dl< 1 ©t$Ktt 

d2/dU (NA2/NAf) * (NAs/NAl) (6) 
£Z2£ »GR IN vyX2©fe**©ttfxJ8l»OV40«« 

r 5*/x^??i»«ot, * 7 ^^S^f!ttr^° 

^ > °^ GRIN V>Xli:IS-OGRINV>'X2. «fel=l4*77>f/Utt» 
NAf 5SNA2<NAs^NAl (8) 

d2/dU (NA2/NAf) * (NAs/NAl) (9) „, . ^ cf .,^ 

tiWi-ti-^GRINK/Xl, 2t*7T-f^30ft«lci»tUi«kt 

JISU J: > , L/d i< 1 o»»cov,T*f!i-* V/ «fd « 

V>X«-S*7T-f^*»ia^*t*V>f«&m«L (WOum) d2T 

RINWX2 ©fi«*OJMT«»© V4©«* ( (7) 5*> 

. di.d2CRftt*. (i) * K ^ btr *-"2?f 

* » " z i *>«« *^M^;ir^r'*S4 s°SKS 

)tR*»Ol-OGR INW/X1 ©#*> 0 fc#XU MUK#* A * v ©**l&-*> 

tiiiE#2 004-3112350 



2003-350075 - : 8/ 



, *ft£H«* < <2>***UW * G R I N V £ k * 9 

ii^V-^f3 li, 3 3 0 nnu ttf«*l 6mA 1W« 

«-^ K7T -f;UO-»C, «COGRINW/X2i»-©6R NWXl*a 

^>X*t%i*. I? r T/t 4 0 |f» ****** * KMttK MM. ■ 2 
OWJtlt GRINWXl, 20ESi±> HfClSO ,i nu J»°»NA 1 ■ 2 
JS:" o.l6C»&**tTV,*. »Z«GRINW/X2tt ; K/Xrttfcit*j» 
«^l/4^?t> (7) ^W8 6 0 /m r^^o * 
-OGRINVyXoWtt, MB (1) *J:9**»K ££-CI± .rfck-tttK 
9 0 ^mClgJfeStLf V>4 0 

ffJa«Ol/4JBWOft«860^»-C«IWfi"* (®3 (b) ) o y rPm^JJ? ^ 

GR I N V>X 1 Ot#ti-OG R I N V>X2 CMtUt*. 5?< 
NK/Xl^^990, m (:^U^:Wit^GRINK/X#^77^^ 

7&*#<C>tL^ (13 (c) ) o 

±B*ii#l-^*y*-A'*fflV»-C, 1 3 3 0 nm, WIHm 

5i^fcoiMM^V-^HAl-0.5**i-*GRINV^f***7T-f^«0/«« 

1 1 

1" &NA=0. 1 6 ^H?) G R I N V > X©S#^# frfco 

l™*l\*yTY?*}>* s sr7S. 5mlM.7^7-M83. 4ml fc 

mU<&2 004-3112350 



»I2 0 0 3-3 5 0 0 7 5 ^ ^ 

»/- liifEfxy h****50'C-C2Hlfll»kJftLfc8U Wif hme^wK. 
«L "*"tO«»«ft»*ff^. **** ±B^*6a»«JjC20*W«*L 

M«-*ft**fTV^ i ins t pwic r * t * * j - A'* LT^m^^J Y! 1 T 

H«iS*l8ftl0mmOKMm#fc. SS^Sif i22f jj££ till 

5 0^ m<9 GRINV *X**<7 r <f /<Ktt* LT. G R I 

*«L/co ft* 8 6 0,*atc**J: 5 fc«KWaU ^-OGRINV 

#6m7T>f^ftt, e-^»iftftl 3 3 0 nni, ^m^L 1 6mA, ft 
(WE1.0V, 7KTOWJfc»*«^ 2 0 • , M*lft*IMMIteA 2 5©¥& ttv-^ 

[HifeflJ 2 ] 

SJtffll fcraC/n-feX^ ^P^NA=0.16O^=lOGR INVVX© 
Lfck ^il50^Oi_OGRINV 

>X«*7r^<tftfco 

tu3>r-h9^ b*->K7 6. 6mlMV7-n;V-)H84. 3 mU 
©«**fc2MJ»*9. 2ml«Ut> tt«tt : PVy*50Dil*a'6»U 1 

2°1 K**L*\ #S£2 1 ©rt*KW*P3*K SBOf-^ ^®«j»2{5S5i?2t!; y 2; 
i2 2 tttl^ (H4 (a) ) o fmtfcRIM*©**-* f^tB***^^ 60 

t:-ci»****t K5>f^t#fc= K7^;vimu ^ n ^i^L 

*5S«+-C1 6 Ot/h r-C»U ^O^l 2 5 0«^'J * 5 0«C 

miiE# 2004-3112350 
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10/ 



rtf^U,/; Rtetfc O GRINl/> X«#24## h tit: (H4 ( c ) ) o 
[0 0 4 6] 







1 « 


0 ml 


2 IS 


1.1 ml 


3 € 


1.6 ml 


4 m 


2.1 ml 


5 € 


2.6 ml 


6 Jf 


3.0 ml 


7 H 


3.5 ml 


8 Jl 


4.3 ml 



15 0// m© GRIN!/ 7 4 /<fctt* *-°GRIN^m7r^N 

- S LTfBRLfc, »GR I NV>X^7 r -f ^*MP»0 1 5 <D&- 
©GRINV>Xl:***lin*0. 530i-OGRINV^7T^t W 

#&m7T^^ftt 3 3 0 nm ^1116mA, ft 

htltZo 

mmm 3 1 

Ki.ig «2 ^sa^ini^f 

0.3g***U llMMWUft, *HWt^^>'-W.3cci:ll*0.3cc 

ffliE# 2004-3112350 
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11/ 



lJ!B©y>*rt«5 OmmORttJI*'; ^nUV'/Wlc^ 1 0 0 0@g 

rtS2 5mmWl4mmT% »R*#0.04%aT©Rtr?*ofc. K5 -f 

8 0 OttTliSSffffl^l 5 0t/h rT*#iSU 2 5 Ot^-C^V 

?A#B^4«-C5 0*C/h rt#S-MLtSM4**7^M#/:o 
[0 0 5 3] 
1^2] 







1 Jf 


o g 


2 Jg 


0.6 g 


3 If 


0.9 g 


4 m 


1.2 g 


5 Jf 


1.5 g 


6 € 


1.7 g 


7 If 


2.0 g 


8 Jf 


2.2 g 



£<&R«lfc<B *IB*Jfc«2 fcH*fcH&fcR«M*«>GR INl/VXft# 
*5&SU is -^«D**C^^0.04«/8-C#^L**«e>^«l 5 0//mOG 

R I N V r >f ^fctt* LT, »-<0 G R I NV>Xtt*7 r -f Mfcfl^Lfco 

^ o X IS K2ffc * - 4 * ^ * «> Hi O*»4HAp0. 5 2 T? *> o jfc 

:» 2 I LTfWLfc, *-© G R I N V yXVi%y r J xtrHPlfc 0 ._ 1 5 

©GRINW/Xfc^SMO. 5 3 ©*^)6 R I N 1/>X«*7 r , «W 
kPICfttli»«#t«' , C»r0GRINl'>XC»«SaLfc. -e-^m. KS840 

P^^r^Wfp^ tf-*»«fc*l 3 3 0 nm, ttftWaE 1 6 mA, ft 
fWELOV, 7X¥7J Att4t*tt&A 2 0 ° , S**W^4Hi^ 2 5 

[0 0 5 7] 

tBfE#2 004-3112350 
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^tSL^h*****^ ****** i :5:o.ooi©**fc»*L 

yimzxfi, i o o onwB/*oaa-c2*BH«*. tn** »**;J" 

5 OXS/h rT?*»U ^tl 2 5 OW'M 7Afffl^t 5 Ot/h r 

U ® ^^'^ p0 - 0 Wst?#X L 4 * ^#1 5 . 0 v m 

^GRINW/Xti^lPSO. 48«l-OGRINV>XW7Tjf^ W 

afcW.65«V»GRINWXl?*ofc. CO G R I N V ^ *^-<?G RINWX 
tU, «rK*»l~4i:|SI^«7r^^^n n n*^^^c:tT% *v*r*tt 

ffiSE# 2004-3112350 



^ 2 0 0 3 - 3 5 0 0 7 5 ^ ^~ V ' 13/E 

J ft MM 4 MM * » * y 9 n J > ^F ? H^ * 
Tfcof- C©GRINl/VXt*-«GRINU>XfcU, 1 ~ 4 ^ 

[0 0 6 5] 
[011 GR I N V>X<0BMBBI 

[031 »j^7T^^^D D n«Mw^i-el,^o 

[04] GRINV>X«lS«^*4o 

[^•f-O^l 
[0 0 6 6] 

1 ^-WGRINVVX 

2 <75GR I N WX 

3 **#l/-1f 

4 %7r4* 
2 1 « 

2 2 ^i"^ ^jvJB 

2 3 

2 4 GRINU>» 



miE^F 2004-3112350 




g=(n 0 2-n d ^Vdn 0 
=NA/dn 0 



[B9 2] 
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#M 2003-350075 ^ : W 

BinffcNAf o*7r>f/<0-»tBBP»NA20*— OGRINV>X*#tt**U 5 
feKtWMI-OGR INU>X«)|Mi»citt2J: 0 **SfcHPWttM>*-«>G R I N V> 

NAf ^ NA2 < NAs sS NA1 

mam a 2 
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2003-350075 
50301680939 

fi^t *Efi^±« 0 0 9 4 

fpj&B ¥^15^10^ 9 5 



[HffiB] ¥^15¥10^ 80 



mm&2 004-3112350 



ttH9 n n s R fl fl 7 5 



l/E 
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